The present study was undertaken to analyse further the interrelations between different parts of the extrapyramidal motor system. This cortico-strio-nigral hierarchy has, since the work of Kinnier Wilson,28 been recognized as concerned primarily with the maintenance of the postural phases of motor activity. Localized disturbances in the system are held responsible for certain resting "tremors" and "rigidities" of man; the results so far obtained from experiments based on this hypothesis have, however, proved disappointing, largely because of anatomical difficulty in separating the pyramidal from the extrapyramidal systems.
state in monkeys which had been fed manganese chloride. His work was not neurologically descriptive and few details are given of the abnormal movements, changes of posture, and reflexes. The diffuse pathological findings in the cortex, striatum, and cerebellum appeared to be of little localizing significance.
Morgan"8 has supplemented his clinical-pathological studies by a survey of experimental lesions of the striatum in cats. Circus movements were common postoperatively, usually toward the side of lesion, occasionally to the opposite side, with some restlessness and increased tone of the extremities for 6 to 10 days following the procedure. In his degeneration studies, Morgan contributes a description of the strio-bulbar fasciculus which supplies the motor trigeminal nucleus and the nucleus ambiguus. He ascribes the disturbances in deglutition and mastication, such as are encountered in paralysis agitans, to the involvement of this tract. More recently, other investigators have studied the problem of extrapyramidal activity from the cortical level. Thus, Rioch and Rosenblueth22 report that inhibition of motor responses may be evoked from the Betz cell area, as well as from the frontal areas of cat, dog, and monkey.
Later, Tower25 studied the cat with respect to cortical activity which was unequivocally extrapyramidal, i.e., that obtained following section of the medullary pyramids. She disclosed rather widespread zones for the inhibition of both tone and movement, as well as a production of the grosser types of motor performance such as flexor synergies and progression movements.
She regarded these diffuse extrapyramidal zones as evidence of primitively functioning cerebral areas whose site of action was probably on striatal and mesencephalic centers, with the cortical projections excitatory to the lowest segmental level and both excitatory and inhibitory to intermediate levels.
This direct evidence of inhibitory activity on motor performance obtained from extrapyramidal cortex was of the utmost value in the analysis of these experiments.
It is worthwhile to mention fragmentary observations of other workers in this field. Rioch and Brenner recently reported23 that in respect to hopping and placing reactions, cortical plus striatal lesions do not differ from cortical lesions alone. Miller"7 has found the caudate nucleus responsive to both uni-and bipolar stimulation, obtaining slow flexions of both fore and hind limbs and a variety of other motor responses which were slow in onset, distributed bilaterally, and could be reproduced by local strychninization.
Grinker suggests that the basal ganglia are excitable only in the absence of certain, and as yet, undetermined cortical areas.
Anatomical considerations While the-bulk of the input to the caudate nucleus is probably from the thalamus, other fiber tracts of appreciable size and significance have been described. Ramon y Cajal,2" in his early report of cortico-spinal collaterals to the head of the caudate, met vigorous opposition, but his description has recently been reaffirmed by Hirasawa and Kariya. 8 The latter workers likewise describe extrapyramidal fibers from areas 4a, 4b, 4c, to the lateral and anterior nuclei of the thalamus, directly to the globus pallidus, and to mesencephalic 'centers. Mettler, 16 in an intensive study of the "corticofugal" projections of the macaque, has traced fibers descending directly from area 9 which course in the so-called subcallosal fasciculus of Muratoff to the caudate nucleus, and he describes a bundle arising in the superior temporal convolution to traverse the globus pallidus and be distributed in the ansa lenticularis.
Hirasawa and Kato9 cauterized areas 8 and 9 in the macaque, tracing degenerations to the head of the caudate, to the putamen through the centrum semiovale, and by way of the anterior limb of the internal capsule to the pallidum. Levin"3 likewise gives evidence of frontal lobe and isolated area 6 connections to the caudate nucleus and pallidum, and extensive frontothalamic tracts which may well relay to the striatum. Such connections have also been observed by Poljak."9 C. and 0. Vogt'6 pointed out that the large number of small cells in the caudate and putamen act in an internuncial capacity, transferring incoming stimuli to the relatively few large ganglion cells of these nuclear masses. The axons of the large cells discharge to the pallidal motor cells whose fibers then form the bulk of the ansa lenticularis. Disease processes are known to have affinities for different cell types in the striatum, whereas these experimental lesions destroy large and small cells alike. Both pallida and Forel's fields are connected across the midline by Meynert's commissure. Jakob's studiesl' of the efferents from the globus pallidus led him to the conclusion that there was considerable bilaterality but that contralateral effects should predominate. The major proportion of fibers descended homolaterally to the mesencephalic level and there decussated.
Material and method
Twelve rhesus monkeys (Macaca mulatta) were used in these experi- Various sized lesions were placed in the putamen and globus pallidus, the variations being regulated by strength and duration of current as well as by the width of the gap. Usually 3 to 5 m. A./4 min./3 mm. gap were the specifications. To obtain larger lesions double penetrations were resorted to at a 3 to 4 mm. distance. Such lesions may extend 1 cm. in anterior-posterior extent of the putamen. With respect to maximum nuclear size of the putamen and pallidus, the ideal topographical site of penetration is in the strip or transitional zone of the cortex, 11 mm. lateral to the falx, but there is some leeway both caudal and rostral to this location. With such in5ertions, the needle leaves a track which in two weeks forms a brown, pinpoint-sized lesion with a few fine, retractable dural adhesions surmounting it, which is, as Clarke has found, asymptomatic. After burring holes over the desired site of the lesion, it was found most expedient to pass the electrodes through minute nicks in the dura. At periods varying from two to seven weeks following the initial lesion or lesions in the striatum, cortical ablations were performed. In certain cases, later additional extirpations were made after 2 to 3 months.
RESULTS
Lesions of the striatum made in this way, when combined with certain regional ablations of the cerebral cortex, have given a number of symptom complexes in our monkeys which are closely parallel to certain of the extrapyramidal syndromes of clinical neurology. Individual protocols are summarized below in the appendix; the general results may be stated briefly as follows:
Tremor
A mild variety of tremor appeared following (i) striatal lesions alone involving destruction of large areas of both putamina, with discrete lesions of both pallida, and smaller lesions involving both putamen and pallidus bilaterally; (ii) in one animal with a unilateral striatal lesion it reappeared after each seriatim ablation of area 6; (iii) in one animal after compensation had been effected following simultaneous ablation of areas 6 and 8 it was observed following a unilateral striatal lesion.
More pronounced tremor was observed: (i) characteristically in the simultaneous bilateral 6 and 8 preparations; (ii) when bilateral 6 and 8 ablation was superimposed on large lesions of both putamina, the tremor, although not altering its type, was more intense and involved head and trunk as well as extremities; (iii) in a moderatesized lesion of the right putamen followed by bilateral 6 ablation.
Extreme tremor appeared in one animal having discrete bilateral striatal lesions that were moderate in size, involving the superior portions of both putamina and extending into the lateral division of both pallida (with pyramidal tract involvement in the right internal capsule), and then superimposed bilateral area 6 extirpations. There has been no indication of a well-defined laterality to this tremor. In three instances it was more intense, or appeared more frequently in the homolateral limb. In Experiment 2, in which a left striatal lesion was followed by successive bilateral ablations of areas 6 and 8, the tremor was somewhat more pronounced on the left. Tremor appearing after large bilateral striatal lesions in Experiment 5 was more marked on the right side, i.e., homolateral to more extensive striatal destruction. In Experiment 8, tremor, reappearing after the insertion of a unilateral striatal lesion in a bilateral 6 and 8 preparation, was more frequently seen on the homolateral side. The left area 4 ablation of Experiment 4 induced tremor in the left extremities, whereas a left striatal lesion followed by bilateral extirpation of area 6 seriatim had only exhibited slight transient tremor.
2. Increased passive resistance There was no observable change in tone of the extremities following either unilateral or bilateral lesions of the striatum, irrespective of the extent of the destruction or whether motor uncertainty and tremor were present. Animals with combined area 8 ablations and striatal lesions likewise showed no alterations. However, an increased resistance to manipulation was diffusely present and promptly developed in all muscle groups following: (i) bilateral striatal lesions combined with bilateral area 6 ablations; (ii) bilateral striatal lesions and bilateral 6 and 8 ablations; and (iii) bilateral 6 and 8 ablations alone. In Experiment 1 0 with a strip ablation superimposed on bilateral striatal lesions, the increase in tone was at first of the familiar selective, or clasp-knife variety, which after three weeks tended to become less selective and to develop in all muscle groups. The "cog-wheel" phenomenon was frequently observed in those animals having tremor.
3. General behavior
In animals that exhibit motor changes following the more extensive type of striatal damage, there was noticeable reluctance to initiate voluntary movements and considerable slowness and uncertainty in motor performance. When striatal lesions were combined with ablation of area 6 bilaterally, akinesia was apparently more prominent than in the pure premotor preparation. There were frequently long periods of immobility for the first two weeks postoperatively, and, when incited to move, rage reactions with piloerection were prominent. Placed on the floor in the standing posture the animals remained immobile and commonly would sink down "en bloc" as fatigue appeared. When area 8 ablations were added to area 6 and striatal lesions, and in the simultaneous bilateral 6 and 8 preparations without lesions of the striatum, there was an akinetic interval with the animals exhibiting a peculiar staring expression resulting from immobile facies and a tendency to central ocular fixation with minimal blinking.
Posture
The stance of animals following primary striatal lesions, with or without changes in motor performance, did not differ from that of a normal animal. The characteristic posture of animals having simultaneous bilateral 6 and 8 ablations, and those with combined area 6 or areas 6 and 8 and striatal lesions, was moderately rigid in nearly full extension, especially in the forelimbs. Walking was executed on a broad base with hands and feet everted, digits abducted and semiflexed. Within two to four weeks, the exaggerated extensor stance was altered to an attitude of semiflexion in head and extremities with marked crooking of the phalanges. Contractures of the flexor groups were commonly well marked in chronic animals at both large and small joints.
Animals having isolated cortical lesions, such as an area 6 ablation, exhibited the syndromes characteristic of those lesions, e.g., forced grasping, etc.
DISCUSSION
The physiological interpretation of the multiform symptomatology of extrapyramidal disease is as yet uncertain in most of its details. Specifically, there is no sound premise on which to construct an interpretation of the most frequently observed symptom of damage to the extrapyramidal motor system, namely, tremor. Fulton,5 in discussing the two subdivisions of the extrapyramidal system, i.e., cortico-strio-nigral and cortico-ponto-cerebellar, drew an analogy from the exaggeration of cerebellar tremor by ablation of area 6. He suggests that just as cerebellar tremor is the result of imperfect com-pensation by the extrapyramidal cortex, so in disease of the basal ganglia the adjustment for motor defect by the cerebral hemispheres is lacking. Support for this concept has become apparent during these studies. Time required for compensation appeared to be inversely proportional to the extent of extrapyramidal damage; this compensation could occur bilaterally at either the cortical or striatal level (in areas 6 or 8 and probably other cortical regions as well). With regard to these concepts of deficit and compensation being the basis for the appearance and disappearance of tremor, it is well to recall Wilson's view regarding neopallial dependence in man and primates. This suggests that a degree of extrapyramidal damage at the striatal level sufficient to produce minimal tremor in the macaque might perhaps cause resting tremor in man.
The concept that action and resting tremors differ quantitativelv only in degree of innervation and not in "kind" is not new. Wilson28 was one of the first to point out that the distinction was more apparent than real; his observations on the occurrence of resting tremor in multiple sclerosis, and the exaggeration of tremor by voluntary movement in cases of progressive lenticular degeneration (which likewise exhibited resting tremor) support this view. He concludes that the two types tend to "run into each other" and that neither is pathognomonic of a particular mechanism radically distinct from the other. Fulton5 has occasionally noted resting as well as intention tremor in animals following cerebellar ablations. Evidence adduced during these studies supports this contention; namely, that the difference between the two is only a proportionate one, dependent on the degree of damage existing at that particular time in the corticostrio-nigral system, and that just as no hard-and-fast line can be drawn between a "resting" and an "active" state of any single muscle from quantitative differences in the type of action currents, the same holds true for tremor in such muscles. Resting tremor is obtained with difficulty in the macaque; it frequently can be brought out in animals having simultaneous area 6 and 8 ablations in the immobile, standing position when the animal is subjected to postural stress. Resting tremor and spread from "active" to "resting" extremities has been noted with extensive damage at both cortical and striatal levels. It is, however, essentially an acute phase of extrapyramidal decompensation in the experimental preparation.
The clinical observations of Walshe2" in respect to tremor, show that it is influenced by psychic factors, that it is greater in postural use than at rest, and that cases exhibiting the greatest rigidity show the least tremor. He notes that deafferentation will abolish the rigidity of a limb but tremor remains. Using the method of fingerrecording as devised by Shafer,24 Walshe places emphasis on the presence of a fine tremor seen in the normal phalanx during extremely slow movement, and is inclined to view tremor and the cog-wheel phenomenon as an exaggeration of this normal state. He concludes that tremor is the emergence of normal cortical rhythm through a defect of "lower" level mechanisms; further, that cortical activity is essential for the appearance of tremor but has nothing to do with rigidity, and that an intact proprioceptive mechanism is requisite to the development of rigidity but not of tremor.
Pathological evidence has been valuable in confirming the site of damage, but has not simplified the mechanism of tremor. In the postencephalitic variety of paralysis agitans Jakob"1 finds the zona compacta of the substantia nigra most severely involved, but the striopallidal system was likewise the seat of changes. In the "adult" type, the main damage was to the large ganglion cells of both neoand paleostriatum with changes in some cases in the substantia nigra. Jakob suggested that pure striatal degeneration gave tremor and dysarthria, and progressively more destruction produced the akinetichypertonic syndrome. There have been rare case reports in which the substantia nigra alone was destroyed by an encephalitic process without symptoms of Parkinsonism. It appears then, that the tremor-rigidity symptom complex can result in man from damage to the extrapyramidal system at both the striatal and nigral levels, and at the striatal level alone, but probably not at the nigral level alone.
The attempted surgical amelioration of involuntary movements is a relatively recent procedure, but it has furnished some evidence on which to base a physiological interpretation. Bucy2 has extirpated the premotor cortex in cases of athetosis with disappearance of the movements followed by a mild return. These patients, however, had undoubted damage to the cortico-spinal system both from the disease process and as a result of surgical interference, so there may be some doubt as to which effected the amelioration. Area 4 ablation would appear to be a more logical procedure than is extirpation of area 6. In general, it may be said that this tends to support Wilson's concept of athetosis as a succession of cortical "reflexes," high grade movements that may arise in a center anterior to the Rolandic area as a result of an afferent (cerebello-thalamic) disorder. Putnam20 has found that ventro-lateral chordotomy does not affect the Parkinsonian tremor, although good results were obtained in athetosis.
In discussing these results, other features of these preparations which bore a marked similarity to those of paralysis agitans were noted. Akinesia was prominent and this has long been mentioned as dependent upon the difficulty of voluntary innervation in rigid extremities. The patient and the macaque both appear to find it simpler to refrain from moving. In addition, those animals in which area 8 ablations were performed exhibited a dazed condition which apparently contributed to their immobility. Diffuse hypertonus, marked but not extreme, and the characteristic semiflexed posture with tendency to contractures have been described. The early postoperative stance of nearly full extension of the head and forelimbs and the transition to flexion in these sites, may perhaps have an analogy in the clinical observation of Wilson28 that rarely the early Parkinsonian manifests an extensor posture in the head and trunk. The features of the bilateral area 8 syndrome may likewise be common to both conditions, namely, facial immobility, diminution of blinking and eye movements, and the chronic expression of a restless, automatic behavior.
These Lesion of right putamen (Aug. 14, 1937). A small lesion was made in the region of the right putamen, but no motor abnormalities were detected after the procedure and behavior was unaltered.
Bilateral ablation of area 6 (Oct. 7, 1937) . Following removal of area 6 from both sides the animal was markedly akinetic for long intervals and when aroused showed a well-defined rage reaction with piloerection. Stance was on a broad base, extremities somewhat extended, with flexion of the phalanges. Motor performance was extremely slow but there was no evidence of paresis. Forced grasping was bilaterally present. Tonus was diffusely increased; this affected both protagonists and antagonists, and was only slightly altered by changes in position. A marked gross tremor involved all four extremities, but not head or trunk, and was present during progression, climbing, and feeding. Tremor was of fairly wide amplitude, frequency of approximately 4-5 sec., and persisted for 12 days. Forced grasping was extremely marked, groping and increased tendon reflexes were noted. No laterality of the symptoms was observed.
Autopsy (Oct. 27, 1937 Increase in tone and tremor intensity in general followed a somewhat crescendo course during the next few months. A diffuse type of rigidity developed in all muscle groups and the cog-wheel phenomenon was repeatedly present when the limbs were subjected to slow passive manipulation.
Bilateral ablation of areas 8 (Dec. 30, 1937) . The animal developed typical wooden, expressionless facies, minimal blinking, and the tendency to a restless stereotyped behavior. Tremor and rigidity were only slightly, if at all, affected, but there was some increase in reflex grasping. Contractures in flexion at the large joints of the extremities, and minimal contractures at the phalangeal joints developed.
Alutopsy (Mar. 9, 1938 ). The bilateral 6 and 8 extirpation sites were considerably filled in with glial tissue and there was a discrete lesion in the superior portion of the left putamen. There was no involvement of the pyramidal tract or internal capsule on gross inspection. Bilateral striatal lesion (Nov. 1, 1937) . There were no changes in motor performance following this operation.
Bilateral ablation of areas 8 (Nov 12, 1937) . After operation there were no observable changes in posture or motor performance. There was no increase in tone or production of tremor. There developed a tendency to central fixation of the eyes with some diminution of the blink response, and later hyperactivity and automatism, but no forced circling or notable change in facial expression.
Bilateral ablation of areas 6 (Jan. 12, 1938) . The animal died 8 days later due to shock and its toxic condition without regaining voluntary movement, although this appeared to be the result of extreme weakness and not paresis. When placed in the standing posture it would slowly sink to the floor. Tone was diffusely increased in all muscle groups and in the occasionally observed "rhythmic" type of movement a trace of tremor was seen. Forced grasping was of moderate intensity, and piloerection prominent.
Autopsy (Jan. 20, 1938) . The animal had an extradural infection without localized abscess formation and no evidence of a generalized meningitis. The brain showed the previous extirpation sites and discrete lesions of both putamina that involved the lateral edge of the pallida without extending to the internal capsule. Experiment 4.-Unilateral striatal lesion (left); followed by ablation of area 6 (both). (C.S. no. 13.)
Unilateral striatal lesion (left) (Nov. 3, 1937) . There were no motor changes following this procedure.
Ablation of area 6 (left) (Nov. 17, 1937) . This animal showed the impairment of skilled movements with awkwardness and uncertainty of the right limbs characteristic of area 6 preparations, moderate forced grasping, some increase of tone and deep reflexes, and minimal tremor on postural stress. Activity was slightly decreased.
Ablation of area 6 (right) (Feb. 4, 1938) . The effects of ablation of areas 6 seriatim were evident with moderate reflex grasping and motor awkwardness of the left extremities. Minimal tremor was again observed in all four extremities when weight or tension was placed on a limb.
Ablation of area 4 (left) (Mar. 23, 1938) . The animal showed almost complete paralysis of the right side with the right extremities extended, and the left held semiflexed. The right extremities were slightly hypotonic, but the left showed marked hypertonus in all muscle groups somewhat greater than the pre-operative level. Tremor was pronounced for the first time in this animal, being observed in head, trunk, and the left limbs as a coarse oscillation of moderate range. This was present during progression, climbing, and feeding, but not at rest. There was no tremor in the right limbs.
There was some diminution of tremor at the end of a week, at which time it was constantly observed only during postural stress.
Autopsy (Mar. 30, 1938) . The brain showed the extirpation sites of bilateral area 6 and left area 4. Frontal section at 11 mm. anterior to the frontal zero plane revealed that the left striatal lesion occupied the lateral sector of the globus pallidus and the superior portion of the putamen without capsular damage. Experiment 5.-Bilateral striatal lesion; bilateral ablation of areas 6 and 8. (C.S. no. 14.)
Bilateral strital lesion (Dec. 10, 1937) . The animal was the first to exhibit marked motor changes following primary damage to the striatum. There was some reluctance to initiate movement and motor performance was considerably slowed. Movements were uncertain and awkward in the limbs of both sides, but more marked on the right. There was no evidence of paresis. Tone, reflexes, and grasping strength were not altered. Tremor in postural stress was easily evident during voluntary movement at an oscillation of approximately 8 per sec. with restricted range.
Bilateral ablation of areas 6 and 8 (Dec. 20, 1937 Autopsy revealed an extradural clot. The external surface of the brain showed the extirpation sites. Frontal sections revealed electrolytic lesions destroying the right globus pallidus and the superior portion of the right putamen. On the left, the lesions were smaller and involved the superior half of the putamen bordering on the lateral and superior portion of the globus pallidus. The lesion of the right striate bodies had extended into the Bilateral striatal lesion (Dec. 15, 1937) . Motor changes in this preparation were confined to a slight grade of uncertainty with transient fine tremor of the extremities when weight or tension was exerted during volitional activity.
Bilateral ablation of areas 6 and 8 (Dec. 21, 1937) . The animal was extremely weak and in shock following the procedure, but considerable ability to walk was regained. When placed on the floor in the standing position, it remained rigid in the position described for the other preparations, that is, in nearly full extension, especially in the fore limbs, on a broad base with flexion crooking of the phalanges. It would then slowly sink to the floor unless incited to move by a noxious stimulus. Facial expression was wooden with minimal blinking. Resistance of the extremities to passive manipulation was greatly increased in all muscle groups, and the cog-wheel phenomenon was elicited. Tremor was more marked in this preparation than in any which had been observed. When standing immnobile in the resting position, the animal had a gross tremor of all four extremities, an oscillation of slower frequency than in Experiment 5, and of moderate amplitude. On movement the amplitude broadened considerably, and the tremor likewise involved the head and neck. Forced grasping was also as pronounced as had been seen and the slightest touch to the palm elicited flexion. Piloerection was similar to that of other preparations in which area 6 ablations were performed.
Autopsy (Dec. 23, 1937 Autopsy (Feb. 10, 1938 Bilateral ablation of areas 6 and 8 (Jan. 11, 1938) . The animal after operation showed pronounced immobility, expressionless features, and tendency to rage reaction. There was a diffuse increase in resistance on passive manipulation of the limbs. Posture at first showed moderate extension of the fore limbs, semiflexion of the hind limbs, with hands and feet everted and phalanges crooked. However, a generalized posture of semiflexion was later assumed. Tremor was observed as a marked coarse oscillation of wide amplitude of all four extremities. It was present during the whole range of voluntary motion and at rest in the standing posture. This persisted for three weeks. Forced grasping, release of tendon reflexes, and piloerection were prominent with the characteristic motor impairment for skilled movements seen in area 6 animals. After two weeks the purposeless, automatic behavior of area 8 preparations was evident.
Unilateral striatal lesion (left) (Mar. 8, 1938 ). The animal after operation exhibited some paresis of the right extremities and a questionable right facial weakness. The right extremities were slightly hypotonic, the left showed a diffuse hypertonus. Minimal tremor during postural stress reappeared and was observed more frequently on the left side.
Autopsy (Mar. 25, 1938) . The brain revealed the sites of bilateral areas 6 and 8 ablation. On frontal section a lesion involving the lateral section of the globus pallidus and the superior portion of the putamen was evident which had extended into the pyramidal projection fibers of the anterior capsular limb. Experiment 9.-Bilateral striatal lesion; bilateral ablation of areas 6. (C.S. no. 18.) Bilateral striatal lesion (Jan. 14, 1938). After operation some awkwardness and uncertainty of movement of the extremities of both sides appeared. There was slowness of motor performance, and a moderate degree of flaccid hemiparesis which involved the left arm and leg. There were hypotonia and diminution of the deep reflexes on the left. Bilateral ablation of areas 6 (Feb. 16, 1938) . Before death this animal regained considerable voluntary motion, especially in the right extremities, but was never able to take more than a few steps in forward progression or to stand for any length of time because of its weakness, development of contractures, and the left motor deficit. The toes were held spread apart and in extension, but the phalanges of the fore limbs were markedly flexed at the proximal interphalangeal joints and extended at the distal joints. Tone was bilaterally increased, more so in the right extremities, and the limbs of both sides showed the cog-wheel phenomenon. The animal had considerable voluntary movement in the right arm and leg but little in the left, and was never able to feed itself with the left hand. Reflex forced grasping was elicited at a lower threshold in the left hand than in the right and was more enduring on that side.
A pronounced coarse tremor of wide range, with a frequency of approximately 4 to 5 per sec. was first noted on the second postoperative day and persisted until death. The tremor started before the initiation of voluntary movement, such as reaching for food with the right hand, and continued through the execution of the act. It was also present in the trunk and right hind limb, and commonly spread to the left extremities, although these were at rest and capable of little voluntary motion. When standing behind the animal to obviate a visual stimulus that might be incentive to groping, fluctuating cycles of resting tremor were observed in the fingers and wrist (in the direction of pronation-supination in the latter location). These lasted about five seconds and were repeated at intervals of about half that time. Beginning contractures of the left hip, knee, and of both hands were present at the time of death.
Autopsy (Mar. 7, 1938) . The brain appeared normal except for the extirpation sites; 3 mm. frontal sections of the brain showed moderate-sized, discrete zones of electrolysis, involving the superior portions of both putamina, and extending slightly into the lateral sector of the globus pallidus on each side. The lesion on the right had destroyed a small portion of the anterior limb of the internal capsule which was apparently part of the pyramidal interference by the left lesion.
Experiment 10.-Bilateral ablations of areas 6 and 8. (C.S. no. 20.) Operation (Jan. 28, 1938) . Postoperatively the animal exhibited akinesia and expressionless facies with little tendency to blink. Its posture was moderate extension with some eversion of the hands and feet, and flexioncrooking of the digits. Forced grasping and groping were marked. The rage reaction with piloerection was easily elicited. Increased muscle tone in all groups was noted with release of deep reflexes and the presence of the cogwheel phenomenon. Tremor, similar to that of Experiment 8, but of greater intensity, persisted for six weeks with some diminution during the latter half of that period. For the first one and a half weeks it was present during climbing, feeding, and progression, and also in the standing posture at rest. This was an oscillation of fairly wide amplitude and a frequency of 4 to 5 per sec. During the latter part of the period of observation it could only be detected during climbing and other activities necessitating postural stress, but under these conditions it was consistently observed.
Autopsy (Mar. 12, 1938) . The extradural space, meninges, and brain were entirely normal with the exception of the extirpation sites and revealed the striate lesion. Experiment 11.-Bilateral striatal lesions; bilateral ablation of strip areas, ablation of area 4 (right). (C.S. no. 21.) Bilateral striatal lesions (Feb. 11, 1938) . The only observable change was slight slowness and uncertainty in movements of the extremities.
Bilateral ablation of strip areas (Feb. 23, 1938) . Postoperatively the animal was somewhat slower in motor behavior than a normal monkey.
There was minimal motor deficit, hypertonus, at first more of the clasp-knife variety and then diffusely present in the extremities. This increase in tone was of moderate degree. Tremor on climbing and swinging increased during the first few days as activity increased and then remained constant in intensity. Deep reflexes were exaggerated and a minimal grasp reflex was elicited.
ablation of area 4 (right) (Mar. 23, 1938) . A left hemiparesis was evident with these limbs somewhat hyperextended. The residual motor deficit was still apparent in the right extremities and these were held in semiflexed posture. 'Tone was slightly diminished on the left side and a lengthening reaction could be obtained. The right limbs exhibited a diffuse hypertonus with the cog-wheel phenomenon easily obtained by rather abrupt passive movement of the limb. Tremor appeared to be slightly diminished in the right extremities and absent in the left. Three days later, however, tremor reappeared during volitional activity in the left limbs associated with some proximal return of motor power and the oscillation was then more evident on the right side. Deep reflexes were somewhat more brisk on the left.
Autopsy (Mar. 30, 1938) . The brain was grossly normal excepting the filled-in extirpation sites of the strip zones and the more recent ablation of right area 4. Frontal section revealed small discrete lesions located in the lateral sector of the pallidum and medial portion of the putamen on both sides.
